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FOREWORD

This booklet is intended to provide a conelse and
useful tool to the designer of city streets and
county roads.

The concepts and methods used herein are not new.
The gulde i1s based on the results of extenslve
studles, tests and numerous reports by varlous
agencies concerning the many factors affecting the
structural design of roadway sectlons.

This gulde should prove quite helpful to many cltles
. and counties lrrespective of the amount or lack of
lasboratory facilities and testing equipment.

Suggestions for improvements to this gulde may be
directed to either the County Engineers Assoclation
of California or the League of California Cities.
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INTRODUCTION

: 'The earth's crust, in its many variations, remains
as the foundation and source of materials for all present-day
roadways. Traffic and weather are the major forces tending
to destroy the roadway, forces that the highway engineer must
account for and accommodate, both in construction of the
roadway, and throughout its life. His real problem is not to
merely succeed in this accommodation, but to do so at least
cost. :

The modern roadway is designed, among other things,
to minimize the undulations of the earth's surface. As a
practical matter, one critical element in such design is the
highway embankment. Economy usually dictates that the '
materials for constructing embankments be taken from roadway
excavations. Most materials which are taken from roadway
excavations and placed in embankments can neither support
modern wheel loads nor provide an adequate, all-weather sur-
face. Therefore, a man-made surfacing of imported materials
must be constructed over these basement soils.

. Structural design of the roadbed is the determination
of the thickness of subbase, base and pavement to be placed
over the basement soil, Basic to the problem is the selection
of the most suitable available materials and their most advan-
tageous use. Their grouping in horizontal layers under the
pavement should be such that the most benefit will be derived
from the inherent qualities of each material. ' o

A pavement may be designed to support any traffic
density and axle load. It does this by distributing downward
and outward the high-intensity stresses imposed by a loaded
wheel, reducing these stresses in magnitude until they may be
safely carried by the basement soil. The pavemént structure
is made up of materials of successively higher load-carrying
capacity from basement soil to pavement surface. 1In establishing
the depth of each layer, the objective is to provide a minimum
thickness of overlying material that will reduce the unit stress
ot the next lower layer, commensurate with the load-carrying
capacity of the material comprising that layer.

; The ‘purpose of this gulde  1is to provide acceptable
criteria and methods upon which design of the structural section
can be based. The material is slanted towards engineers who
need to design roads and streets with standards oriented toward

' the requirements of the cities and counties rather than the more

. heavily traveled State highways. ‘

i

~1-
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The methods and procedures are not new in comcept or

theory. They are, however, representative of the thimking of .
the California Division of Highways, the County Engimeer's

Association of California, -the League of California Cities, and

other equally interested groups. This guide is based on the

results of extensive studies and tests and on numerous reports

by various agencies concerning the multitude of factors affecting

the structural design of roadway sections. .

. SCOPE AND LIMITATIONS

'The structural design of flexible pavements: is not
an exact science and, therefore, it is not possible to formu-
late one set of design c¢riteria that could meet the requirements
of every road everywhere.. Traffic conditions, c¢limate and
geology, materials of construction, and of course, economics,
are the variables. that demand from the engineer the fullest
application of his professional judgment and engineering skills.

For some time the.State of California. has been using
a structural’ design formula based on empirical relationships
developed! from several test tracks and the performance of
pavements in actual service. The original formula has been
modified as more and better information has become available,
and will be modified in the’ future as continuing research
contributes further information. . o

‘The basic methods. for structural design presented
in thils guide are based on this formula. Definitions. of terms
are provided and separate variables in the formula are discussed
in. detail. ~Several approaches for approximating the values of
the variableés are presented. These approaches represent degrees
of refinement and are geared to the experience of the engineer.

. "The 'guide does not cover design of those facilities
with a Traffic Index of 8 orf more based on a 10 year design
life. It is felt that this magnitude of.traffic requixes the
same critéeria used for State highways. Design of structural
sections for these higlways is adéquately covered in manuals
(1, .2) published by. the California Division of Highways.

CliIBPDE “wivw fastio.com
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THE STRUCTURAL SECTION AND ITS
COMPONENTS - DEFINITIONS AND_USES

Flexible Pavement -~ Pavement having sufficiently low bending
resistance to maintain intimate contact with the underlying
structure yvet having the required stability to support the
traffic loads; e.g., macadam, crushed stone, gravel, and all
bituminous types not supported on a rigid base.

Surface Course - The top layer of a pavement, designed to
provide structural value and a surface resistant to traffic
abrasion. It should help protect the lower layers in the
pavement structure from extreme climatic effects and should
be dust-~free and skid-resistant.

Base Course - The layer of a two or more course pavement placed
directly under the surface course. It is characterized by good
load distribution qualities (high interparticle friction).

Asphalt Concrete (AC) - Used primarily as a surface course and
in: some instances as a base course. Paving asphalts are
normally specified for this material and crushed rock or

. aggregate with high interparticle friction is desirable.

Road-Mixed Asphalt Surfacing - Normally called for when facili-
ties for making asphalt.concrete (AC) are not economically
available. Liquid asphalts are normally used and the aggregate
tends to be variable. It is used on low traffic volume roads
where higher types of surfacing are not necessary for trafflc
service. _

Bituminous Seal-Coat - A bituminous coating with or without
aggregate applied to the surface of a pavement for the purpose

of waterproofing and preserving the surface, relivening a
previous bituminous surface, altering the surface texture of the
pavement, or providing resistance to traffic abrasion. They

are also suitable for delineating shoulders where the entire
roadbed is to be surfaced with bituminous material and a contrast
with the traveled way is desirable. Seal coats may also provide
a light-wearing surface and fill shrinkage cracks in the
pavement.

Penetration Treatment - This treatment consists of the appli-

' cation of light liquid asphalt to roadbed material. It is used
principally as a dust palliative on detours, medians, and parking
aieas. It is also used for erosion control on cut and fill
slopes. :

ChbPDF - www . fast 10.com
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Tack Coat = {(Paint Bindexr) - The initial application of bitumi-
Tous material to an existing surface to insure bond between the
superimposed construction and the :o0ld surface. Usually consists
of gn asphaltic emulsion9 although paving asphalt is sometimes
use :

Prime Coat'- The initial application of a low viscosity liquid
bituminous material to an absorbent surface, preparatory to any
subsequent treatment, for the purpose of hardening or toughening
the surface and promoting adhesion between it and the superim-
posed construction. Usually consists of liquid asphalt.

Cement Treated Base (CTB) - A base layer constructed with good
quality well-graded aggregate mixed with up to 6% cement.

CTB provides a high slab strength allowing the imposed load to
be spread over'a large area. Class A" CTB is expected to have
a minimum compressive strength of 750 psi in seven days. Class
"B" CTB is expected to reach 400 psi in seven days. Both Class
"A'" and Class "B" CTB are used under asphalt concrete to provide
added strength on the heavier traveled roads. The difference
between these two classes is in the amount of cement used in

the mixtureo

Class “C" CTB does not provide for a strength require~
ment, but is used primarily to increase the "R"-value of a
material so as to make it suitableé for use as a base course
under a bituminous surface.

rF_ N
-

Class nph CTB provides for the ‘upgrading of in-place
materlals ‘for their use in the base course. It also has some
applicatlon in improving the quality of subbase materials.

Lime Stabilxzed Materials = Lime is primarily used to treat
clayey materials in the structural section. Response is
normally ppor when used with granular materials. Application
is usually made in the basement soil or subbase layer although
the use of lime stabilized material in the base course has been
suecessful on: lightly traveled roads.:

Un;reeted;&;; ;atemBase <« High quality mineral aggregate used
only in flexible pavement construction. It normally requires
some proce331ng to upgrade quality0 ‘

Subbase - One or more courses of soil or aggregate or both,
of planned thickness and quality, placed on the subgrade as
a foundation for a base. Used where the basement soil will
not support a structiiral section consisting of pavement and
base alone, or where it is more economical tc reduce the base
thlckness requirement by introducing this lower-priced layer.

A} m4_, .
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Imported Borrow - In terms of structural design, this material
would fall under basement soil, below. It is for embankment
brought in from a source outside the project right-of-way.
Quality is sometimes specified in the project special provisioms.

Basement So0il -« The material in excavations, embankments, and
embankment foundations immediately below the first layer of -
subbase, base, or pavement, and to such depth as may affect
structural design. o

Subgrade - The portion of the roadbed surface which has been
prepared, as specified, and upon which a layer of specified
roadbed material, base, or surfacing is to be placed.

R-VALUE DESIGN METHOD

This method considers three variables in order to
arrive at the necessary structural section thickness. :

Traffic - The first of these variables, exerts a
destructive effect upon a road proportional to the weight of
the loaded trucks and their frequency.

Slab Strength - The slab strength of the layers of
the pavement structure, acts to spread out the load imposed
by the traffic and to distribute it to the underlying layer or
layers. This slab strength constitutes the: second variable..

Resistance Value - The ability of the underlying
layers to resist being deformed laterally or "squeezed out"
by the distributed load is the third variable and is termed
the resistance value. :

TRAFFIC EVALUATION

Relationships between the weight of a lecaded axle and
the thickness of pavement needed to support this axle have been
determined experimentally (1). Also, the relationship between
repetition of loads and pavement thickness has been explored.
The interaction between load weight, number of repetitions, and
pavement thickness was expressed mathematically and provides
a basis for converting the many different wheel loads on the
road to a common denominator. This common denominator is the
5,000 pound equivalent wheel load (EWL). The destructive effect
of one passage of a given truck wheel is expressed as an equiva-
lent number of passages of 5,000 pound wheel loads.

“5e
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Estimation of the total number of EWL's on a section
of road for a given period of time has been simplified by the
use of truck constants. A truck constant is a number which:
represents the total number of 5,000 pound wheel loads which
would be generated in one year by’ the passage of one truck per
day in one direction. This truck is assumed to be carrying an
average load which has been determined through statistical
treatment of axle weight and frequency data. Each axle
classification (e.g., 2-axle, 3-axle, etc.) has a separate truck
constant. ‘A method for calculating truck constants is shown in
Appendix A, S ' :

If very accurate truck constants are desired, tdiey should
be calculated for the highway under consideration (3). Becaiise
of the cost, this would normally be done only for special situ-
ations where tlie engineer feels the traffic is unique and he
needs the information to effect a savings or justify a heavier
section. For the typical situation, the constants listed: in
Table A-5 off Appendix A may be used. Theseé constants represent
the results of statewide loadmeter analyses. Most engineers

- using this manual will be concéerned only with the second column
of constants entitled "City Streets and County Roads" which were
recently developed (3). The first column would be used in the

' design of roads and streets with a T.I. of 8 or more.

' To evaluate  the destructive effect of traffic for a
given project, the total number of EWL's expected on the road
during -its design life is estimated by using truck constants in
cohjunctign-with‘average-dailﬁ-truck.traffic (ADTT) data from
classified traffic counts, e data are expanded separately

- for. each axle classification according to the engineer's
estimate of the increase or decrease in truck traffic volume
expected during the life of the facility. 'In this respect, the
area master plan should be perused and a consultation held with
the plamning office. This total anticipated EWL is then converted
by formula (Table A-1 in Appendix A), to Traffi¢ Index (T.IL.).
The Traffic Index is a convenient number to use In deslgning
structural sections-as it bears a direct relationship.

to the thickness of pavement required. Appendix A presents
the T.I. calculation in a step by step manner. ‘

. _The design period or life of a pavement would not
normally be less than 10 years. When traffic volume agproaches
that of a State highway, a 20-year design life.should be used.
Shorter periods are ugsed when the pavement is only temporary
construction or when it is planned to replace the highway prior
‘to the end of the normal design life. ‘ '

-6-
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METHODS FOR OBTAINING TRAFFIC INDEX

The standard method of traffic evaluation provides
the most accurate data and should be used Whenever possible.
This method calls for:

1. Truck constants, either those developed
especially for the pro;ect or those listed in
this text. (Table A-5, Appendix A).

2. A truck traffic count showing truck volume
classified according to number of axles per
truck and presented as Average Daily Truck Traffic.

3, Factors to estimate increase or decrease in
traffic volume during design 1life of pavement.

4. Design life of pavement. 7

Procedure for calculation of T.I. according to this
method is found both in Appendix A and in a shortened version
in Test Method No, Calif. 301. 1In general, a T.I. less than &
should not be used.

Estimation of T.I. by ADT and Percentage of Trucks

www . fastio.com

A somewhat less sophisticated and less accurate method
of estimating the traffic index is the subject of the graph
shown in Figure 1. To estimate T.I. by this method, the
engineer needs:

1. A number representing the average daily
traffic (ADT) for the proposed facility.

2. A number showing trucks as a percentage of
- the ADT.

3. Some idea as to the expected increase in ADT
during the design life of the project as well

as an idea of anticipated change in the percentage of
trucks using the road.

The first step in the estimation of a T.I. by this
method is to obtain the ADT and percentage of trucks for the
facility. On an existing road, this may be easily done by
relatively inexperienced personnel. Counts may be made on a
24-hour basis or by spot checks and should include both direc-
tions of traffic.

-7
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Figure 1
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Vehicles to be counted as trucks include buses and
2-axle vehicles with dual rear tires as well as the larger

- trucks. Pickups, panel trucks and cars with trailers are not

classed as trucks: . .

The ADT and percentage of trucks should next be modi-
fied to represent the average condition for the design period.
If the opening ADT is 1,000 and the anticipated ADT at the end
of the design period is 1,400, the chart should be entered with
an ADT of 1,200. The same holds true for truck percentage.

The ADT/T.I. chart is based upon a2 10-year design
life. Data for the chart was taken from the 1963 classified
vehicle census and developed using the constants for city
streets and county roads shown: in this text.

Estimation of T.I. According to Road Type

www . fastio.com

In the absence of more detailed knowledge, traffic
may be estimated by considering the type of facility to be
designed. Estimates of traffic made in this mamner tend to be
inaccurate and, for this reason, should allow for a safety
factor. The estimated Traffic Index should be justified by a
description of the facility, the area it serves, and the normal
types of traffic carried. The table below lists several road
categories and the T.I. which might be expected to correspond
with these categories. The last four categories in the table
are difficult to estimate. Since roads in these categories
are more critical with regard to repair, due to heavier traffic,
the T.I. should be estimated using either the standard method
or the chart shown in Figure I.

TYPE OF FACILITY T, I,
Minor residential streets and Cul-de-sacs. 4
Average residential streets. 4.5

Residential collectors and minor or secondary
collectorxs, 5

Major or primaxy collectors providing for
traffic movement between minor collectors
and major arterials. 6

Farm-to~market roads providing for the
movement of traffic through agricultural
areas to major arterials. 5 =7

-8
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IYPE OF FACILITY 7.1,

Commercial roads (arterials serving areas :
which are primarily commercial in nature). 7-9

Connector roads (highways and arterials
connecting two areas of relatively high
population density). 7 -9

Major city streets and thoroughfares and
county highways. - ‘ 7 -9

Streets and highwayé_carrying heavy truck
traffic. This would include streets in
heavily ‘industrialized axeas. : 9+

For subdivision txaffic only, it is permissible to
use the chart shown in Figure 2. This chart relates Traffic
Index to the number of houses served. It should be emphasized
that this chart applies only to residential and residential
collector streets. -Streets carrying other traffic through the
subdivision and streets going by a commercial area should not
be analyzed by a house count chart.

Prior to-the use of this chart, the engineer should
consult with the area planners as to future plans for tempo-
rarily dead-ended streets. Many times either commercial
developments tie into residential collectors, or the collectors
are extended to serve much larxger areas.

The chart;is based upon each residence generating an
average eight trips 'per day. Truck traffic is assumed to be
three percent of the subdivision traffic. The truck traffic is
assumed to consist, almost exclusively, of 2-axle and 3-axle
vehicles. Truck constants of 350 for the 2-axle, 6-tire trucks

- and 900 for the 3~axle trucks are based upon the common trucks
found on these streets. Truck traffic is assumed to consist of
89% 2-axle, 6-tire trucks and 11% 3-axle trucks. Traffic
Indices are based upon a ten-year design life for the facility.

EStimation of T.I. In Special Situvations

Many times a particular road presents a unique
situvation which demands that the engineer use a little more
judgment to arrive at a truly representative Traffic Index.

An example of such a situation might occur where a road

serves an agricultural or recreational area and has a heavily
used rock quarry at some point along the route. Since the rock
trucks would haul ome way loaded and one way empty, the engineer
could use a different T.I. for each direction of travel and
effect significant economy in design.

.
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Figure 2

CHART FOR ESTIMATION OF TRAFFIC INDEX .
USING A HOUSE COUNT ’
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Chart is based on a 10-year design life.
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Solution of these special problems allows more indi-
vidual expression and gives the engineer much personal satis-
faction. - .

QUALITY OF SUBGRADE SUPPORT

. The term resistance, as used in this guide, refers
to the ability of a material to resist lateral deformation when
acted upon by a vertical load. When plastic flow occurs, the
soil moves out and away from the applied load. This displace-
ment of soil causes a "wave development' on all sides of the
- load. Resistance to this plastic flow is primarily dependent
upon interparticle friction. Interparticle friction is in-

- creasingly important in the lower levels of the pavement
<. structure.- '

Measurement of the resistance or R-value is made by

" means of the stabilometer test. An index of resistance to

" plastic flow is arranged on a scale from 0 to 100. Theoreti-
cally, water would have an R-value of 0 since it would transmit
pressure equally in all directions, while steel would show an
R-value of 100 since no measurable deformation would occur.

" Soils and aggregates will range from less than 5 to about 85.

The R-value is determined using soil specimens which
" have a particle arrangement closely approximating the soil in
the field. The specimens are tested in a state as near to
full moisture saturation as possible. Thus, the R-value
represents the worst possible state the soil might attain at
the typical field density state.

The procedure also takes into account the fact that
some soils are expansive. When a compacted soil expands on
exposure to free water, the density and particle arrangement
‘of the mass are disrupted causing a lowering of the stability
of the material. ' The expansion, however, may be controlled
if the expansive material has a weight of cover over it
sufficient to equal the expansion pressure. In the R-value
test method the tendency for expansion is considered and the
cover thickness determined for the layer being analyzed is not
only sufficient to spread out the load and prevent displacement
of the layer, but is also heavy enough to neutralize the
. expansive forces within the layer.

DETERMINATION OF THE R-VALUE

The stabilometer test (Test Method No. Calif. 301)
~ is the standard method for obtaining an R-value. This test
method will not be elaborated upon at this point.

~10-
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. If R-value tests have been made in the past on nearby,
similar soils, it is sometimes possible to use this information
to evaluate the soil in question. To do this, it is necessary
to perform simple classification tests on the soil to be
evaluated and to compare these results with those obtained on
the previously tested nearby soil. If the grain size ¢lassifi-
cation and Atterberg Limits are comparable and if the soil is
apparently from the same soil formation, then the probability
is high that the R-values will be similar. '

Diligence in record keeping will pay dividends if
the records help save the cost of extensive R-value testing.

When sampling areas for new comstruction, it is
essential to use good judgment. If the job includes cut and
fill work, it would do no good to sample material at the
bottom of the fill sections which will be covered with
material from an adjacent cut. The material which will form
the basement soil for the project is the material to be sampled.
Sufficient samples should be taken to establish the quality
of the different soils on the job. Design would normally be
based on the lowest R-value encountered, unless large areas
of good and bad material allowed the designer to economically
change the design at intervals. Changes in structural section design
will not effect a savings if they are made too often. Some-
. times it is economically feasible to take out a short section of
low R-value material to allow a design based on the higher
R=value soil. ‘
i Other information useful at this point might:
include: : : ‘ >

' 1. Identification of soil types from existing soil

- maps, aerial photographs, and other sources. Agricultural
agencies and geological agencies may be able to contribute
much information. - -

_ 2. Investigation of ground water conditidnss
esgegially during severe periods (winter, irrigation,
etc.).

3.  Examination and sampling, when appropriate,
of existing.roadway cuts and other excavations.

_ 4. Review of the design and construction of
existing woads in:the vicinity and their present condition.

5. Discussions with maintenance pérsonnel and

others who may have persomal knowledge of conditions
affecting the design. ' :

. ' =11~
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' 'Estimation of Revalue Using Soil Clessificati@n

Rough estimates of Revalue can be made using some
simple soil clasgification tests in conjunction with the sand
equivalent (SE) test. Each soil type (e.g. sandy clay, etec.)
roughly encompasses a certain R-value range. The R-value
range for a soil-type may be narrowed by knowing more about
the soil's plasticity and by knowing its sand equivalent
value (Test Method No. calif. - 217)

The following soil classification sheets and
triangular chart (Figures 3 and 4) are included as aids. To
classify soils on the triangular chart (Figure 4), a sieve
analysis and hydrometer analysis are ne@essary (Test Method

Nos.  Calif:)201;.202; and 203).

] When the soil classification has been determined from
Figure 4, the chart in Figure 5 may be used to approximate the
R-value. In this chart, the curves representing the various
soil types show a stylized approximate frequency distribution
of Rsvalues for that particular type -soil.

For fine=grained materialss the upper tail or high
R-value portion of the curve represents lower plasticity,
relative to the soil type, while the lower tail represents

 soils.of the same type having higher plasticity. The sand

equivalent values provide additional subdivisions within the

-chart.

For a particular SE value, chances are very good
that the R-value for the same material will be as high or higher
than the R-value designated by the corresponding dashed line.
The converse, however, is not true since it is possible for a
material: to. have a high Rsvalue with a relatively lower SE.

The curves for coarse=grained materials are
affected in the same manner, by the presence of clay, with
the lower tail representing materials with either more clay
or clay with higher activity. In coarse-grained materials
with. little or no clay, the lower tail represents hard, smooth-

. surfacéd and poorly graded (well sorted) material while the

upper tail represents rough=surfaced and well graded material.

' The use of the chart must’ be tempered with good
judgment and-it should always be borne in mind that R-values
obtained in this manner are estimations only. The reasoning
behind these estimations should be fully documented in the
materials report to provide the reviewers with as much basic
data as possible. :
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Figure 3

FIELD CLASSIFICATION OF SOILS _
Minimum Description Required for Classification of
Soil in place as sampled

coarse grained soils

PROPERTY FIELD IDENTIFICATION
1. MOISTURE Dry-Moist-Wet-Very Wet (very
wet mesns free water evident)
2, a, COMPACTNESS Loose~Dense-Very dense

b. CONSISTENCY
fine grained soils

Very soft  Exudes between fingers
when squeezed,
Soft Easily molded in fingers,
Firm Can be molded by strong
pressure in fingers
Stiff Cannot be molded in fingers.
Hard Brittle or very tough

3. COLOR

Indicate range of color: e.g. brown
to reddish brown., Use qualifying
adjective to indicate cast, as
reddish, wvs.

4, SOIL TYPES SIZE

Broken rock +3" Angular fragments of rock

Stone Crushed or naturally angular rock

@ particles :
2 Coarse =3" 4+ 1"
@ Medium -1" + 3/8"
< Fine -3/8" + #10
i Boulders +6" Rounded fragments of rock
0
%1 Cobbles -6" + 3" ' Rounded-
FU .
.§ Gravel Rounded rock particles
o : ‘
H! Coarse -3" 4 1"

Medium -1" + 3/8"
@ Fine =3/8" + #10
¥
3| sand Particles visible to naked eye.
e No cohesion when dry.

Coarse =#10+ #40

Fine =#40 + #200

Rev. March 1965
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Figure 3 {Continued)

-2-
??AJ; SOIi TYPES CONT'D.  SIZE FIELD IDENTIFICATION

Silts -#200 + 5| Particles mostly -200; barely
Micron visible to naked eye. Some

-plasticity, and exhibits marked
dilatancy (Shaking test shows
quick or "livery" condition.)
Dries med. quickly and can be
dusted off the fingers, Dry
lumps possess cohesion, but
easily powdered in fingers.

Loams Contain sand, silt and clay sizes;
possess, mod, plasticity.

1 Sandy Clay Mod. to high plasticity and dry
: : strength, No dilatancy,

Silt=Clay Fine grained (-200), No dilatancy.
' : : - | Appreciable plasticity.

5 Smooth to touch Lean clays show
: and plastic, mno these properties
: dilatancy.. to low degree,

_ Fine Grajned Cohesive Soils _

Sticks to fingers

o o N and dries slowly,

Clay =5 Shrinks appreci=-

o Micron ably on drying.

- Dry lumps can be

1 ' " broken but not

. ‘ powdered. They Fat clays show

f | disintegrate under | these properties
4 water, to high degree,
P K _

| 9} Peats | Fibrous organic matter, usually brown
18] or black in color.

i) & _ Firm Fibers compressed together,
& Spongy Very compressible and open
1 7% structure.,

: 5. PLASTICITY Non-plastic; slightly plastic;

moderately plastic; highly plastic.
Inherent property of soil. Moisten
as necessary to evaluate plasticity.

e
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Figure 4
SOIL CLASSIFICATION CHART

% finer than 5 microns
% SILT = % passing # 200 - % clay
% SAND = % passing # 8 — % passing # 200

If over 50% is retained on # 8.
sample is gravel-modified by amounts
of other consfituents contained. { sand, silt, clay)

nm u

EXAMPLE CLASSIFICATION
Given: % passing#8 =100
% passing# 200=32 00
% passing 5 microns =16
For solution see dashed lines on chart,
Material is silty sand.

5 ANDY \,SANDY SILTY./ \SILTY
CLAY CLAY CLAY

SOININININININS

/QQLAYE%LQYEY su_'r>e</ AYE&@\

K 'SAND & SAND/ \ SILT

Slightly AAA‘ \/ —

Clayey {___QAND ILTYD —S!LTG SANDY o
\/ NOVAVAV V

KAV \/\/’\/\/\X \/\/\/V\/\/\/\/\/\/\/\/\7\

%o SILT

40
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Figure 5
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SLAB STRENGTH OF STRUCTURAL LAYERS

The term "strength', as used here, refers to the
tensile strength or cohesion of the elements of a pavement
structure. This ability to act as a slab serves to both
reduce the pressure on the subgrade through beam action and
to restrain the upward movement of soil around the loaded

~area. The slab action assumes minor importance in the lower
levels of the structural section but increases in effective-
ness as the upper surface is approached.

The effect of slab action is accounted for, in
the thickness design formula, by the use of the gravel
equivalent factor (Gf). The gravel equivalent factof
represents the thickness of gravel necessary to produce a
load distributing and soil restraining effect equal to that
produced by the slab action of a one-foot thickness of the.
material being considered.

Gf values have been assigned to the variocus con-
struction materials and are tabulated in Figure 8 and in
Test Method No. Calif. 301. A graph illustrating the rela-
tionship between Gf for asphalt concrete and the Traffic

. Index is shown in Figure 6. This graph enables inter-

polation between the values shown in Figure 8 and allows the
designer small advantages in economy if he chooses to design
by the formula rather than by tables.

STRUCTURAL SECTION DESIGN PROCEDURE

Standard design procedure is shown in Test Method
No. Calif.” 30I. 7This procedure uses the design formula
and allows the designer tc design each layer to the most
economical thickness. Use of this formula requires all
three variables: T.I., R=-value, and GEf.

The design c¢hart, which is the subject of Figure 7
is a repetition of a chart shown in the test method and
offers a quicker approach to the design problem. Complete
instructions for use of the chart are shown in Figure 8.

For those who do not wish to go to the trouble of
using the iterative design procedure, gstructural design
tables are provided in Figure 9. These tables present
structural sections already worked out for various combina-
tions of basement soil R-value, base and subbase R=value
and Traffic Index. To use the tables, it is only necessary
to know the basement soil R-value and the Traffic Index.

The tables are for roads constructed with aggregate base
. having a minimum 78 R-value. One table is for 50 R-value

«13
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Figure ©

RELATIONSHIP BETWEEN GRAVEL EQUIVALENT FACTOR
FOR ASPHALT CONCRETE AND TRAFFIC INDEX .

N RN E

25

24

23 £

2.2

2.1

v

w4l

2.0

V4

~-GRAVEL EQUIVALENT . FACTOR - (6f)

iy

1.8

I'65 6 7 8 9 10 I 12

TRAFFIC INDEX (TI}
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Figure 8

INSTRUCTIONS FOR USE OF STRUCTURAL DESIGN CHART
Find total GE ~ Instersect TI line with basement soil R-value line and read GE

Select type of base to be used.

Find GE of surfaéing, - Intersect TI line with base material R-value line (Use R-80 for Class "'C’’ CTR) and read GF
For Class ““A” and "B”’ CTB selecl the surfacing thickness from Table III below.

4. Find thickness of surfacing - Convert GE to actua! thickness using T- GE/G or if thickness was found in Table IIL
solve for GE. Round off thickness to the nearest .05 [oot or, preferably, to the next highest .95 foot and adjuslt
the GE accordingly. .

Find GE of surfacing + bare - Intersect TI line with subbase material R-value line and read GE.

Find thickness of base - Subtract the adjusted GE [ound in Step 4 {rom the GE in Step 5 and convert the ‘remainder

to thickness using T = GE/G . Round off the thickness to the nearest .05 foot or, preferably. to the next highest

.05 foot and adjust the GE accordingly. :

17. Find thickness of subbase - Add the adjusted GE from Step 4 to the adjusted GE from Step 6 and subtract the result
from the GE found in Step 1. Round off to the nearest .05 foot or, preferably, to the next highest .05 foot.

TABLE I ' , . GRAVEL ENUIVALENTS IN FEET

Actual ASPHALT CONCRETE. RES CTB Age. | Age.
Thick-1 4 5& 5.5 6.5 7.3 8.5 5.5 10,5 1l.5 | 12,5 13.5 BTB & Base | Sub-
ness «i. |pojow 6.0 7.0 80 9,0 10,0 31,0 12,0 [13.0 140 LTB A ) c Base
| en, F?E;?' 2,50 2.32 2.1 2.01 1.89 1.79 1.71 L.64] 1,57 L.52 | 1.2 [1.7 1.5 1.2 { 1.1 |{1.0
0,10 0.25 0,23 0,21 0,20 0,19 0,18 ©.17 0.16{ 0,16 0,15 | 0.12
0.15 0.38 0.35 0,32 0.30 0.28 0,27 0.26 0,25 0.2, 0,23 | 0.18
0,20 0.50 0,45 0,43 0.30 0.38 0,36 0.3, 0,33 0.31 0,30 [ 0.2,
0,25 0.63 0.58 0.5hF 0.50 0,47 Q.45 43 0417 0.39 0,38 | 0,30
0.30 0.75 0,70 0.84 0,60 0,57 0.54 0,51 U.49 0.47 0,16 | 0.86
'0.35 0.88 ©0.81 0,75 0.70 0,66 0,63 0.60 0.57 0.55 0.53 | 0.42 0,39 | 0.35
040 1,00 0,93 0,86 Q.80 0.76 0.72 0.68 0,66 0.63 0.61 | 0.48 0.44 | 0,40
0.45 1,06 0,96 0.90 0,85 0,81 0,77 0,74 0.71 0.68 | 0,54 | 0,77 0.68 0,54 | 0,50 | Q.45
0.50 1.16 1.07 1.01 ©.95 0.90 0.8 0,8 0,79 0,76 | 0.60 | 6.85 0,75 0.60| 0.55] 0,50
0.55 3,18 1,11 1.0h o©0.98 0.9, 0.90° 0.85 0.8, | 0,66 | 0.9L 0.8 0.66| 0.51)]0.55
i
0.60 1.21 1,13 1,07 1,03 o0.,98! 0,95 0,911 0.72 1.02 0,90 0.,72| 0.66] 0,60
0,65 1.31 1.23 1.16 1,21 1.07| 1..02 o0.99 | 0.78 | 1.11 0,98 0.78| 0,72 [ 0,65
0,70 1.32 1,25 1,20 1,15| 1.10 1.06 | 0.8, | 1.19 1.05 0.84 | 0.77|0.70
0.75 1.3, 1l.28 1,23 1.18 1,14 | 0,90 | 1,22 1,13 0,90 | 0.83|0.,75
0,80 1.3 1.37 1,31 1,26 1.22 | 0,96 | 1.36 1.20 0.96| 0.88]0.80
0.85 1,52 1,45 1.39| 1.33 1.29 | 1,02 | 1.45 1,28 1.02 | 0.94|0.85
0.90 1.5, 1.48| 1.4l 1.37 | 1.08 | 1.53 1.35 1.08| ©0.99]0.90
0.95 1.56] 1.49 1.4, | 1.14 | 1.62 1.43 1.14| 1.05]0.95
1.00 1.64] 1,57 1.52 | 1,20 | 1,70 1.50 1.20| 1.10|1.00
1,05 1,65 1,80 | 1.26 | 1.78 1.58 1.26| 1.16]1.05

SAFETY FACTORS

Where desired, the safety factors inm Table II, below, may be applied to sections designed by the above method. For
sections using aggregate bases and Class "C' CTB, add the GE increase from Table II to the GE found in Step 3. For
sections with Clgss "A" and Class "B" CTB, add the GE increase to the GE found in Step 5. In each case, convert the
new GE to thickness, round off the new thickness and adij(ust the GE accordingly. Since the addition of the safety
factor should not change the total GE, the subbase thickness must be reduced to compensate for the increaseéd thickness
of the layer to which the safety factor was applied. Forxr further explanation see Planning Manual - Design Sect. 7-604.

TABLE IT i STRUCTURAL SECTICN SAFETY FAGTORS
Gravel Equivalent Layer Applied
Base Type ) Incxrease in Feet 4 topp
Class "A" CTB ) 0.24 CTB
Class "B" CTB : 0,22 CTB
Class ''¢" CTB 0.18 aAC
Aggregate Base : 0.16 AC
TABLE I1II . STRUCTURAL SECTICN THICKNESS GUIDE
e of | Pavement : Depth of Layer (Feet
Tygase or Base [T1 5.0 |Tf 5.5 |TI 6.5 |T® 7.5 |T% 8.5 |TI 9.5 |TI 10.5[w%r Il.5|TI 12.5 |TI 13.5
Material | Layer |5 below | & 6.0 | & 7.0 | & 8.0 | & 9.0 | &10.0 | & 11,0 & 12.0] & 13,0 & 14.0
0.25 0.30 0.35 0,40 0.45 0,50 0.55
Sass A | Base 0.60 0.65 0.70 0.80 0.85 0.50 0.95
0.25 0.30 0.35 0.40 0.45 0.50 0.55
532%° | Rase: 0.55 0.60 053 0.75 080 690 098
: . 0.25 0.30 0.35 0.40
& ¢ | Baee 043 0’35 0.65 0.70
i Pave. 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.65
S %0x | Base 0740 0.50 050 065 | 0.75 0.85 0.05 1.05 1.10
88 : : .25 0.30 0.35 0.40 0.50 0.55 0.
gﬁass7ga Bare 8:48 0.50 0.60 0.65 0.75 0.80 0.50 2.8

H jntended for use as a guide, The thicknessea given are based on the higher TI in each
Notes E:}.\in:ag}lg tﬁe zsgﬁmption is made th%t subbage with an R-value of 50 would be used. Extra thickness
for a safety factor has already been added.
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Figure 9

® STRUCTURAL DESIGN CHART

TRAFFIC INDEX —

ASPHALT CONCRETE [Z.11

NEE)
AGGREGATE BASE \\\\
N

D

AC-AB (78R) -AS (50R)
4 4.5 50 55 60 6.5 7.0 7.5
THICKNESS IN FEET

N IS4 0706 %é”/ % 4% é'é’/g/ 26
. 41 - N

IH-tHRRNR
NN \\\ \
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AGGREGATE
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.83
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1.08

R-VALUE OF BASEMENT SOIL
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0.58

0.63
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0.45
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0.62

0.67
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0.51
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0.64
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{.00
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0.64

0.72

0.80

0.88

0.96

1.04
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.20

5

0.7l

0.79

0.88

0.97

.06

1,15

.23

.32

*—R-*VALUE OF BASEMENT SOIL
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subbase and the other for subbase with a minimum R-value

of 60. R-values for basement soils in the tables range
from 5-35. 1If the designer sc desires, these values may be
rounded off; using judgment in so doing.

Having decided which quality of subbase is to be
used, and knowing the design R-value of the basement soil,
enter the selected table at the correct Traffic Index.
Thicknesses of the various layers of the structural section
can then be read opposite their respective headings.

The thicknesses shown satisfy the theoretical
required thickness.  However, common sense and knowledge
of construction practice may, in the case of the thimmer
layers, dictate greater thicknesses of a particular material.
In general, it is difficult to obtain good results with
less than .12' - ,13° (1-1/2") of asphalt concrete. It is
also very difficult to properly place and compact layers of
aggregate base or subbase when these layers measure less
than .33" (4").. Since it is difficult to prevent some
intermingling and interpenetration of the various layers,
it might be wise to establish .4' (5') as a minimum thick-
ness for bases and subbases.

If a design calls for a thin aggregate base layer
as well as a thin aggregate subbase layer, it might be well
to combine the two and place a layer of base equal to the
total thickness. This would save placing costs and give

-a better design. This discussion applies, of course, to
any method of design.

The tables in Figure 9 do not include safety
factors other than those inherent in the design formula.

"For the désign of sections using bases other than
aggregate base, it is necessary to go to the standard method
or use Figure 7. - _

- STRUCTURAL SECTION bESIGN EXAMPLE

To illustrate a typical design, the following
example is presented. Although the example uses the design
formula, it is so structured that the engineer may also
follow through with the more approximate methods.

" Problem: Design a structural section for a county
farm-to-market road based on the following traffic counts and
‘laboratory test data, using a ten year design period. Average
daily traffic (ADT) ‘is around 530 with about 10% truck traffic.

-14-
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Two-way Truck Traffic Counts

Triuck Category Present ADTT
2-axle (6 tire) 62
3-axle 10
4-axle 4
5-axle 12
6=-axle 0

It is estimated that truck traffic 10 years after construction
will be 2.0 times the present truck traffic except for 5-axle
trucks which are estimated to increase 1.5 times present
traffic in the same period. Estimates were arrived at after
consultation with planners and consideration of future land use.

Laboratory Soil Test Data

Test results from:
Location 1 Location 2 Location 3

Sand Equivalent 5 /

R~value 10 12 15
Grading Analysis: -

% Passing No. 8 100 100 100
% Passing No. 200 73 60 39
% Passing 5 Micron 32 26 15

Visual inspection along the route indicates that three main
soils are present. The location runs through an old flood -
plain and the soils are intermingled and hard to delineate. . ,

501ution ; : N : - | . " ' ‘- .a .. :::} ‘7\ v
Step 1 - Determine traffic expansion factors

5=axle trucks 1 + 1.5 = 1.25
2

Other trucks 14+ 2,0 = 1,50

Note that this is a "mid-period" factor which, when multiplied
by average annual EWL* and number of years in the design period,
will yield total EWL. Determination of this factor entails
considerable engineering judgment and consideration of overall
area development.

*EWL = Equivalent 5,000 pound wheel loads

«15-
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%te 2 = Defermine'Equivalent 5,000 pound Wheel Load Repetitions
(EWL) . The truck counts indicate a normal mixture of farm-to-
market traffic so that the City-County EWL constants may be

used as is. ‘

Present Expansion Expanded EWL Annual

iiuck Categoxy ADT Factor ADT Constants _EWL
' 2-axle (6 tire) 62 1.5 93 200 18,600
3-axle : 10 1.5 15 690 10,350
heaxle 4 1.5 6 1070 6,420
S5-axle 12 1.25 15 1700 25,500
~ 6-axle 0 - 0 1650 0
o | Total Annual EWL = 60,870

Total 10-year EWL = 10 x 60,870 = 608,700
Step 3 - Con?eft,Total EWL to‘Traffic Index

TL = 6.7 %Total EWL% 0.119
TI = 6.7 (0.61) 0.119
1= 6.7 X 943 = 6.32

Use TI = 6.5 rounding off to nearest 0.5

| ]Eﬁuation 29LAppendix A (or from Table A-1 or
' Figure A-=2)

Step 42;“Intérpretatibn of Laboratory Test Data.

The design method is' based on the R-value test data. The sand
equivalent values and grading analyses on the same soil samples
are used for supplemental information to aid in classifying

the material -encountered,

An~importaﬁt point to remember is that the samples taken must
be representative of material which will lie jmmediately under
the planned structural sectiom.

An R-~value of 10 should be used in designing a structural
section for this project since it represents the lowest
quality material encountered and the materials are so inter-
mingled that it is not feasible to change the design R-value
to take.advantage of the better material.

=] He
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Step 5 - With the data obtained thus far, we may now design the
structural section using a TI of 6.5 and an R-value of 10 for
basement scoils.

For illustration purposes, let us assume that it is desired
to use Type "B" Asphalt Concrete, Class 2 Aggregate Base, and
Class 2 Aggregate Subbase as the materials in the structural
section. '

Step 5a - Find the equivalent thickness of gravel required
(gravel equivalent, or simply GE) for the Asphalt Concrete
Pavement which will be placed over Class 2 Aggregate Base
(78 Min, Revalue material).

GE = 0.0032 (TI) (100-R) From Figure 7
GE = 0.0032 (6.5) (100-78)
GE = 0.46" required

Next, for a Traffic Index of 6.5, we obtain a gravel factor
of 2.22 for Asphalt Concrete from Figure 6.

Thickness of AC required = 0.46' = 0.21°F
2,22

Rounding to the nearest 0.05', use 0.20' AC
Step 5b - Find the thickness of Aggregate Base required

Class 2 Aggregate Subbase consists of SO Min. R-value material
GE over 50 R-value material = .0032 x 6,5 x 50 = 1,04°
Deduct GE furnished by AC = 2.22 x 0.20° ' =0.44"
GE required for Aggregate Base . .60

!

nn

Next we obtain a gravel factor of 1.10 for AB from Figure 8.

Thickness of AB required = 0.60
1.10 = 0.55'

Use 0.55' cl. 2 AB

Step 5>c Find the thickness of Aggregate Subbase required over.
basement soils with an R-value of 10 Min. o
GE required over 10 R-value matl. = ,0032 x 6.5 x 90= 1.87°
GE furnished by 0.20' AC(from above) = ~0.44'

GE furnished by 0.55' AB(1l.10%0.55) = =0.60" 1,04
GE of Cl. 2 AS required 0.83"

Gravel factor for Agg. Subbase is 1.0 (from Figure 8)
« Hence the thickness of Cl. 2 AS required = 0.83'
_Rounding to the nearest 0.05', Use 0.85' CL. 2 AS
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Step 5d - Check to see that-édequate overall cover requirements
are satisfied. : L

‘Total GE required ='1.87" (from page 17)
Total GE furnished with
© 0,20 AC x 2022 = 0.44° grﬁvel

© 0.55' AB x 1.10 = 0.60' ~
 0.85" AS x 1.00 = 0,85° "
- | 1.897 ¢

1.87' required;:lQSQ' fuxﬁishe@, theréﬁore the structural
section furnished is adequate, for each layer of material

and for total cover required..

Gomparing the above design with an approximate
method, the engineer may enter the chart in Figure 1 by making
a reasonable assumption about overall traffic 10 years in the
future. Suppose it is assumed that the ADT will increase 50%
‘amd. percentage of trucks will remain the same. If the ADT goes
up.50%; - the average will be 1+25 times the present ADT.
Entering Figure 1 with 1.25: x 600 or ADT = 750 with 15, trucks,
the TI is found to equal 6.8.

‘Entering the triangular chart in Figure 4 with the
clay, silt, and sand percentages for the three basement soils,
it is found that the soils axe: silty clay, clayey silt and
sand, and silty .sand, respectively. Looking at the chart in
Figure 5 and considering both the soil classification and the

- sand equivalent, it' is obvious the silty clay will be the most
critical material. The appearance of the R-value frequency
curve for silty ¢lay in Figurxe 5 and the sand equivalent value
of 5 lead one to choose an R-value in the lower tail of the

curve,: prebably between 8 and 10. '

Then, going to the structural design chart (Figure 9)
and entering the top chart (AS = 50 R-value) with a 7.0 TI
and a R-value between 5 and 10, the following structural
section is found.

Ac . o 2:3 ?':
o ) AS | n.{gis I‘J?

THE SAFETY FACTOR

L The basic thickness design formula contains sufficient

- bullt-in safety factor for low-volume roads and streets. Facili-
ties with a T.1. of 8 and over might benefit from use of the
safety factors shown in Figure 8. The factors are particularly
needed where ADT and T.I. are high, but truck percentages are

T
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low. 1In this type of situation, traffic demsity all but
precludes normal maintenance operations. It is best in these
cases to construct a section with a long, maintenance-~free
life. Additional information on the application of the safety
factor is shown in the California Division of Highways Planning
Manual (1). '

ECONOMIC COMPARISON OF SECTIONS

Many situations allow comparison of several
structural sections, each of which meets design criteria.
An economic analysis may aid in the selection of the best
section. It is necessary to determine the construction
cost of each alternative.

In addition to cost, final selection will also
depend upon local practices, construction experience, suit-
ability of the materials for their intended use, expected
service life, climatic conditions, future maintenance, and
other considerations., :

STAGE CONSTRUCTION

Stage construction of a road is sometimes proposed
as a money=-saving expedient or as a device to lengthen the
improvement for a particular highway. When stage construc-
tion is properly planned and executed, it usually performs
as intended, )

It is essential to remember that the road be
designed for the same criteria which would gowern the design
of a fully completed facility for that location. The individual
layer thicknesses of the design should not be compromised.
Full thicknesses of subbase and base should be placed since
it is-impracticable to add to them later on.

The surfacing is usually the only item in the
structural section affected by stage construction. In some
cases, the surfacing is deferred for several years and only
a road-mixing of the upper portion of the base or placement
of an armor coat is provided initially for traffic. Other
projects are designed with some portion of the surfacing thickness
placed at the time of construction and the rest later on.

: In any case, a definite time schedule should be fixed
for the completion of stage construction. The project should
be carefully watched during the intexim period between construc-
tion and completion and upon indication of trouble, should be
completed to the full design thickness.

-19=
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'@HANGES TO R-VALUE TEST

It is sometimes suggested that it would be advan-
tageous to determine the R-value in semi-arid parts of
California at 400 psi exudation pressure rather thamn 300 psi
as currently specified. This is not always a safe practice.
The Division of Highways investigated the relationship between
moisture contents under pavements and exudation pressure (4)
and concluded that 300 psi more nearly represented field
condltlons.

If the engineer: designing the pavement structure
is thoroughly knowledgeable with respect to' the pitfalls in
structural design and if he has engineering data to back up his
judgment, he might be justified in using an R-value at other than
. 300 psi exudation pressure. This would apply primarily to
areas with low rainfall where the soils have good drainage
characteristics° :

The structural section, however, should be designed
for the worst moisture condition that can be expected, not the
average condition. Moisture tends to concentrate under pave-
ments, even in drier climates. This condition can be aggravated
by irrigation water, heavy rains and other sources of widter.

. OVERLAY DESIGN USING PAVEMENT DEFLECTION

Ceneral g

With a steadily increasing amount of reconstruction
of existing roadways; the need for a method to determine the
minimum corrective treatment required to restore an existing
roadbed to a state in which it may serve present-day traffic
and.prov1de maintenance-£free service for an extended period of
time has become increasingly important°

The problem encountered in the design of reconstruction
is, of course, entirely different from that which occurs with
all-new construction. - In the latter case, samples of basement
or embankment soils are tested statically under moisture and
density conditions which are estimated to be the worst that
will occur during the lifetime of the pavement. From the
results of these tests, subgrade bearing capacity is determined
with which the necessary thickness of base or subbase can be
cdlculated to provide the required cover imn accordance with

- the appropriate design formula. :

- =20-
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The design of recomstruction for an existing roadway
presents quite another problem, however, since the most economic
reconstruction requires that full benefit be derived from the
materials already existing in the structural section. In this
case, a laboratory strength value cammot be considered quite
valid, since the conditions of moisture and demsity assumed
during preliminary design may not have occurred. Also, it is
well established that many years of successively heavier

.traffic loadings tend to gradually increase in-place soil

strength. Another factor which is difficult to evaluate is

the residual strength of an asphalt concrete surfacing or cement-
treated base. Here the hardening or curing induced by age may
lend considerable slab strength to the system even though

there is continuous visible distress.

The real significance of pavement deflection data,
therefore, is that it gives the highway engineer an indication
of the total in-place structural strength of an existing roadway
and, thus, provides an extremely valuable tool for the deter-

mination of the minimum degree of required reconstruction.

Basic Data

Basically, the method consists of measuring the total
pavement deflection resulting from the application of a known
wheel load (15,000 pounds) along the road under investigation.
The deflection readings are then compared to previously deter-
mined allowable limits for a similar structural section and
the structural capability of the existing flexible pavement
is evaluated. Then an appropriate corrective treatment is
determined if any is required.

Three pavement deflection measuring devices are
briefly described below:

1, Benkelman Beam

This instrument, developed by Mr. A. C. Benkelman of the
Bureau of Public Roads, operates on a simple lever arm
principal. An 8-feet~-long probe is inserted between the
dual tires of the test vehicle. As the pavement is de~-
pressed, the beam pivots around a point of rotation on

the reference beam which rests on the pavement well behind
the area of influence, so that the back four~feet extension
of the beam depresses an Ames dial which records maximum
deflection to within 0.001". While this device is limited
to measurements of total deflection only for test vehicles
operating at creep speed, it has the very important advan-
tages of simplicity, versatility, and speed. Between

200 and 300 individual deflection measurements are possible
in a day with this device.

-21=
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2. Traveling Deflectometer

This instrument, developed by the Materials and Research
Department of the State Division of Highways, is a semi-
automatic deflection measuring device based upon the
Benkelman beam principle. ’

The traveling deflectometer combines a truck-=trailer unit
which carries the test load on the rear wheels and probes
for measuring pavement deflection under both wheels
simultaneously. It is an electro-mechanical instrument
capable of measuring pavement deflections at 12-1/2 foot
. intervals uniformly and continuously as the vehicle moves
steadily along the rcad at one-half mile per hour. The
deflections are recorded to the nearest 0.001" by means
of a probe arm resting on' the pavement and are permanently
recorded on chart paper. As many as four simultaneous
measurements (two between the wheels and two outside the
outer duals) at 12-1/2 foot intervals are possible. The
most obvious advantage of the deflectometer, therefore,
is the relatively large volume of data which may be ac-
cumulated in a relatively short period of time. Between
1500 and 2000 individual deflection measurements can be
made during an average working day as compared to the
300 which is the current maximum obtainable with the
Benkelman beam.'and truck arrangement,

3. Lane-Wells Dynaflect

‘This unit, developed by the Lane-Wells Company of Houston,
Texas, is an electro-mechanical system for measuring the
dyngmic deflection of a roadway surface by an oscillatory
load. '

The dynaflect consists of a self-contained mobile trailer
which can be towed behind a passenger vehicle and operated
by the driver from inside the tow vehicle. The trailer,
when in the test position, exerts a 1,000 pound peak to
peak oscillatory load onto the pavement surface through
two steel test wheels. The resultant amplitudes oxr de=
flections are recorded to within 0.00001" by a series of
five geophone sensors positioned at one foot intervals out
from the center of loading along the tongue of the trailer.

Benkelman beam deflection measurements can be predicted
for overlay design purposes utilizing a pre-established
correlation between Dynaflect deflection and Benkelman
beam deflection. The Materials and Research Department

of the California Division of Highways have an established
correlation curve for these two deflection devices.

-2%2.
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The Dynaflect is capable of obtaining deflection measurements
on unsurfaced roadways because of its light, well distributed
test locad. Although it is not capable of producing the
volume of data which is possible with the traveling deflec-
tometer, it can be much more economical for operational
deflection studies of a limited nature in outlying areas

due to its high mobility and ease of operation.

Design Procedure

It should be borne in mind that the deflection method
for the design of reconstruction is assumed to be valid when
roadway distress is attributable to excessive compression and
rebound of the structural section. Evidence of the instability
of the structural section, as manifested by wheel track depres-
sion or rutting or indication of significant permanent deformation
on the deflection traces reveals a problem beyond the scope of
the deflection method. 1In these cases, design of corrective
treatment should be based upon R-value procedures.

Therefore, the first step of this design procedure
is to visually inspect the existing roadf noting those areas
that would obviously require a complete "dig-out'" type of -
repair. By-passing these areas of severe distress, deflection
readings are taken over the remainder of the road. The actual
pavement deflections are measured and recorded under both the
outer wheel track (0.W.T.) and inner wheel track (I.W.T.) of
the loaded test truck. :

If these deflection readings are not relatively
uniform for a given stretch of road, then more than one type
of corrective treatment may be required. In those areas where
deflection is relatively uniform, an evaluated deflection
level (80 percentile) is established by recombining all outer
wheel track readings from the test section.

The 80 percentile value is that deflection at which
80 percent of the recorded values are lower and 20 percent of
all the readings are higher. This 80 percentile value reflects
the deflection characteristics of the section as a whole rather
than isclating possible causes of distress or placing undue
emphasis on an isolated condition.

The 80 percentile deflection value is then compared
to the allowable deflection for a similar road subject to the
same traffic loading. (see Figure 10). If the deflection is
greater than the allowable, the percent of required reduction
of deflection is computed. Entering the graph on Figure 11 with
the required percent reduction, the required increase in gravel
equivalent for the road can be readily ascertained.

-23=
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Design Exaﬁgié

In order to illustrate the method of analysis and
procedure for recommendation of corrective treatment based
upon deflection data, we shall examine what might be considered
a typical case history of a particular roadway.

Assumed D&Ea}

"ToIo = 605"' .
Existing structural section: 2" AC surfacing over
L : 4" of aggregate base over
4" of aggregate subbase.

Test Defléétibn{ | " Number of

Sec. (0.W.T.) 80% Readings Appearance
1_" . .064 f', ' . 28 Intermittent to continu-

ous "alligator' cracking

Based upon a T.I. of 6.5 and the assumption that a
3 inch AC surfacing recap will be utilized, it is deterxmined
from Figure 10 that a deflection level of 0.030" can be tolerated.
it is, therefore necessary to effect a reduction in the deflec-
tion level of 0.064" minus 0.030', or 0.034". This requires
a 0.034" = 53% reduction in deflection. From Figure il we note
. _0.064 S 0 e : :
that an increase of 10.5" in gravel equivalence is required to
'reduce the deflection level by 53%.° For a 3" AC surfacing the
gravel equivalence is 3.0 x 1.9" = 5.7". 1t will, therefore,
be necessary to provide 10,.5" minus 5.7" = 4.8" of additional
gravel. A possible reconstruction would, therefore, be the
placement of a 3" AC surfacing over 5.0" of aggregate base
directly over the existing roadway.

Another practical approach to the same problem which
would cost -less takes into consideration the type of distress
on the roadway. Here we note intermittent to continyous
Ma1ligator™ cracking in both wheel tracks. Because "alligator!
cracks are usually small (2" to 5" in diameter) we can reasonably
assume that the existing pavement will act independently of
‘the new surfacing in much the same mammer as an aggregate base.
Therefore, consideration should be given to the possibility of
the placement of a thin AC blanket which would permit a higher
tolerable deflection level. This approach could be considered
Miving" with a high deflection condition rather than eliminating
it by a major recomnstruction. Foxr a 2" AC surfacing Figure 10
indicates a tolerable deflection of 0.040. It would, therefore,
be necessary to reduce the design deflection level of 0.064"

~2b=
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Figure ||

REDUCTION IN DEFLECTION RESULTING
FROM PAVEMENT RECONSTRUCTION
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. to 0.040" which requires a 38% reduction in deflection. From
Figure 11, a 2'" AC blanket (3.8" gravel equivalence) provides
a 37% reduction in deflection. This is considered close
enough to recommend a 2" AC surfacing for the repair of this

facility.

- In either case, isolated areas of high transient de-
flection or advanced distress should be subject to substantial
"dig-out” type repair prior to the application of the corrective
treatments described above. '

Additional Considerations

The problem of recommending suitable reconstruction
is not limited to a study of deflection measurements; several
other factors must also be considered in order to arrive at a
satisfactory design. These are:

1. Existing vertical controls (curbs and gutters)
2. Anticipated use of the roadway

3. Extent and nature of cracking

4. Anticipated traffic volume

The existence of curbs and gutters or the presence

. 0of an excellent passing lane next to a distressed travel lane
often makes the utillzation of a travel lane "dig-out' feasible.
Where no such vertical control exists and a major reconstruction
is warranted, a flexible base or cement-treated base (CTB) with
an asphalt concrete (AC) blanket is usually recommended so that
the residual strength of the old pavement can be incorporated
into the new construction. -

The anticipated future use of a roadway frequently
determines whether we shall "live" with a deflection condition
through utilization of a thin blanket or eliminate the problem
with major reconstruction. _

The extent and nature of cracking is frequently
very important in determining whether a blanket will act inde-
pendently of the old surfacing or become an integral part of
the existing surfacing, thereby increasing surface rigidity
with a corresponding decrease in the level of tolerable
deflection. -

The presence of large block or ladder-type cracks
indicates that the existing surfacing has a good deal of
residual slab strength and could thus be expected to act in
conjunction with a new blanket. Thus, the AC surfacing would
consist of the original and the repair blanket; acting as a
unit. Because of this, the tolerable deflection level would

~25.
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be much lower than that for a new blanket applied to a continu-
ously cracked AC surfacing in which surface distress is in the
form of relatively small blocks as is sometimes the case with

badly "alligator" cracked roads. Here, because the new blanket
can be considered independent of the old, the tolerable deflec-

tion level can be assumed to be determined by the thickness of
the new blanket only.

Finally, since allowable deflection limits are a
function of traffic volume (see Figure 10) any anticipated
sizeable increase in T.1l. would affect the recommended recon-=
struction.

CBR DESIGN METHOD

General

Some agencies do not have access to R-value deter-
mination equipment, but do have the facilities oxr ready access
to such equipment necessary to determine CBR (Califormia
Bearing Ratio) values. The nomograph (Figure B-1l) will
provide a means of determining a structural section by converting
the known CBR to an equivalent R-value, The nomograph must be
used with extreme care since there is no direct correlation
between R-value and CBR. The nomograph is more accurate when
considering finewgrained soils than it is when working with
gravelly soils. '

Basic Data

The CBR values should be determined in conformance
with procedures set forth in the State of California Standard
Specifications dated January, 1949(5), or in conformance with
test method ASTM D 1883-67(6). The State of California method,
as outlined in Appendix B, is preferred.

Comments
’ o !

The bearing ratio test is used to determine the bearing
ratio (relative bearing value compared to that of crushed rock)
at optimum moisture and maximum density, after soaking, of
material proposed for use on the roadway.

The expansion test is used to determine the expansion
of a compacted specimen of material proposed for use, after
soaking for a period of four (4) days. The test is made on a
compacted specimen used in the bearing ratio test referred to
above. : :

()
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. | APPENDIX A

METHOD FOR CALCULATING EQUIVALENT
WHEEL LOADS, TRUCK CONSTANTS, AND TRAFFIC INDICES

SCOPE |
This method describes the procedure for transforming

traffic count data into descriptive numbers which arxe used in
calculating the structural thickness of pavement.

DEFINITIONS

Traffic Index (TI) - a number representing the
weight and vdlume of truck traffic on a given section of
highway.

Equivalent Wheel Load (EWL) - the number of rep~-
etitions of a 5,000 pound wheel load which would have the
same damaging effect as the truck axle or axles being
considered,

Average Daily Truck Traffic (ADTT) - the number of
trucks passing a given point on a highway, in both directions,
in any 24~hour period.

Truck Constant - (EWL Constant) ~ a number expressing
the total EWL generated by the passage of an average truck
of a particular type, once a day, in one direction, for a
period of one year.

PROCEDURE FOR CALCULATING TRAFFIC INDEX

For structural thickness design purposes, the average
daily truck traffic must be converted into a traffic index.
Initially, we must convert all axle loadsl to an equivalent
number of 5,000 pound wheel loads by using the equation:

EWL/Repetltlon = (W) 4.2 (1)
(5)

Where: EWL = equivalent 5,000 pound wheel loads
for one repetition of a particular average
wheel load

W = Average wheel load in kips
The graphical sclution to this equation is preéented

in Figure A-1 along with an example showing that one 5,000
pound wheel load would have a constant EWL of 1.0.

. lTreat a tandem unit as two single axles each carrying one-half
the tandem unit load.

A-1
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To determine total EWL, multiply the repétitions of
the axle ‘load by the EWL per repetition.

To convert the total EWL to a traffic index, use the
\ following eqpationzrl

CTI = 6.7 (EWL)0-119 (2)
: (106)
: This equation is solved graphically in Figure A-2
and is presented in tabular form below:
TABLE A-1 ,

Conversion of EWL to Traffic Index

EWL ‘ TI* EWL TI*
" 104 . 15,000,000
' 2.5 , 9.5
562 _ ‘ 23,400,000 :
‘ 3.0 : 10.0
2,290 ' 35,600,000 '
3.5 ‘ 10.5
7,620 ‘ L 53,100,000
. 4.0 ’ 11.0
21,800 . 77,900,000
: 4.5 11.5
© 55,600 ' 112,000,000
' 5.0 12.0
129,000 159,000,000
5.5 12.5
277,000 223,000,000
’ : 6.0 13.0
-558,000 , 308,000,000
' : 6.5 13.5
1,060,000 : : 420,000,000
- ‘ 7.0 14.0
1,940,000 | 568,000,000
7.5 14.5
3,400,000 759,000,000
' 8.0 . 15.0
5,750,000 , 1,000,000,000
.- _ : 8.5 15.5
9,420,000 - 9-0 1,320,000,000
15,000,000
*Traffic Index = 6.7 (EwL)Q.119
I (106
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~"In order to convert mixed truck traffic to equivalent
5,000 pound wheel loads, it is necessary to have a sampling of
the truck traffic, using the highway, by axle weights and by
number of axles. This information, for a state-wide count, is
made available each year by the Traffic Department in its W-4
tables. Convert the number of axles in a given weight catego
to the equivalent 5,000 pound wheel loads by using equation (§¥,

In practice, the calculations for TI are made by
using truck constants for trucks in the following categories:
2, 3,4, 5, and 6 axle trucks. These constants are derived
as follows: '

1) Obtain loadometer data - (axle weight for all trucks
listed by truck category) =~ and a classified traffic count.

2) Separate the axle weights in each truck category into
axle weight intervals as shown in Table A-2.

3) Calculate the average wheel load for each weight interval
and convert to average EWL/repetition by the relationship
EWL = (W) 4.2
(5) (Table A-3). This average EWL/repetition is
then multiplied by the number of axles in each weight interval.
. This yields a total EWL for each truck category in each weight
interval for the period encompassed by the loadometer survey.

4) The EWL's in each truck category are then summed up.

5) Knowing, then, the total EWL's and the total number of
axles for each truck category, the average EWL/axle can be
calculated for each category.

6) The truck constant for each truck category is then obtained
by multiplying the average EWL/axle by 365 days and by the
number of axles on one truck in that category. The result is
divided by two in order to reduce to a uni-directional constant.

Constants have been calculated by the Division of
Highways from the State-~-wide traffic count and are listed in
Table A~-5. The State-wide constants should only be used in
cases where more accurate truck traffic data is not available.

7) To calculate annual EWL, the truck constants for each truck
category are multiplied by the average daily truck traffic and
the anticipated increase factor. The resulting totals for each
truck category are summed up to obtain the total average annual
EWL's in one direction.

A-3
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8) For use in the thickness design equation, the total annual
EWL's are multiplied by the number of years in the design period
and are then converted to Traffic Index (TI) by the relationship
shown in Equation (2).

~To clarify the preceding explanation, the following
hypothetical example is shown:

Given: Loadometer traffic count data as indicated
. in Table A-2. Average daily traffic as
' given in Table A-4.

Required: To determine the truck constants for the
truck traffic and establish a traffic index
for the section of highway involved for a
twenty year design life.
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SOLUTION:
"’ TABLE A-2

LOADOMETER TRAFFIC COUNT DATA
(BOTH DIRECTIONS)

Axle Weight

Intervals
(Kips) No. Axles Weighed
Single Axles 2=axle
(6 tire) 3-axle 4-axle 5-axle 6-axle
Trucks Trucks Trucks Trucks Trucks
Under 3.0 11,561 22 43 52 9
3.0 - 6.9 1,092 1,186 187 2,169 57
7.0 -~ 7.9 438 384 27 710 ‘25
8.0 - 11.9 952 810 59 1,300 90
12,0 - 15.9 433 - 464 19 888 24
16.0 - 17.9 41 108 10 910 7
. 18.0 - 18.0 2 8 75

Tandem Axlesl

Under 6.0 4 18 22 6
6.0=-11,9 282 446 1,794 100
12.0 - 17.9 262 236 882 52
18.0 - 23.9 ' 178 162 536 74
24.0 ~ 29,9 130 154 1,672 98
30.0 - 31.9 82 66 1,058 6
32.0 - 32.0 6 4 62 4
Total Number |

Axles 14,519 3,926 | 1,431 12,130 552

lrreat a tandem unit as two single axles, each carrying one-half
the tandem unit load. For this reason the tabulated figures are
actually twice the number of tandem axles counted.

A-5
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TABLE A-3

CALCULATIONS FOR TRUCK CONSTANTS

Axle Weight 2-axle o
Intervals EWL perl (6 tire) 3-axle 4-axle 5-axle 6-axle
(Kips) Repetition  Trucks Trucks __Trucks Trucks Trucks
" 'Single axles ' R
‘Under 3.0 0.006 692 0 0 0 0
3.0 - 6.9 0.055 60 65 10 119 3
7.0 - 7.9 0.299 131 115 8 212 7
8.0 - 11.9 1.00 952 - 810 59 1,300 90
112.0 - 15.9 4,11 1,780 1,907 78 3,650 99
16,0 - 17.9  9.28 380 1,002 93 8,445 65
18.0 - 18.0 1L.7 23 94 0 878 0
" Tandem Axles . ' . ) |
Under 6.0 0.0063 0 0 0 0
6.0 - 11,9 0.035 10 16 63 4
| 12.0 - 17.9  0.299 E 78 71 264 16
 18.0 - 23.9  1.23 219 ¢ 199 659 91
24,0 - 29.9  3.53 459 544 5,902 346
©30.0 - 31.9  6.30 . 517 416 6,665 38
32:0 - 3500 7.20 - 43 29 446 29
 Total’EWL's 3,395 " 5,319 1,523 28,603 788
Total No. Axles? 14,519 3,926 1,431 12,130 552
Average EWL/Axlgs 0.234 1.355 1.064 2.358 1.428
Truck Constants® . 85. 740 775 2,150 1,565

‘ lCalculated from equation (1) or obtained from Fig. A-1l. Use average
wheel load. (Ave. wheel load = Ave. axle load divided by 2)

" 2gWL/Axle multiplied by number of axles. (No. of axles from Table A-2)

" 3These constants calculated for one-half of the average tandem axle load.
. 4From Table A-2. o :

- 5Total EWL's divided by Total No. of Axles.

;?EWL/Axle x 365 days x No. Axles on each truck divided by 2 directions.

A-6
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TABLE A-4
CALCULATION OF ANNUAL EWL

Truck Average Dailyl  Truck2 Anticipated3  _ EWL By
Category Truck Traffic ¥ Constants ¥ Increase Factor - Truck

- : ‘ Category
2-axle 337 85 2.30 = 65,900
(6 tire)
3-axle 182 740 1.90 = 255,900
f-axle 93 775 1.75 = 126,100
5=axle 276 2,150 2,10 = 1,246,100
6-axle 40 1,565 1.50 = 93,900

1

| Total Averageé Annual EWL's 1,787,900
Computing the total design EWL for 20 years:
EWLogyy, = 1,787,900 x 20 = 35,800,000%

Traffic Index (TI) is calculated from the EWL by the
use of equation (2), Table A-1l, or from Fig. A-2

TI = 6.7 (EWL)C-119
(10%)

6.7 (35,800,000)0-119
( 110° )

6.7 (35.8)0.119
&= 6.7 1053
= 10,25 use a TI of 10.5

This value of 10.5 for Traffic Index can now be used
in the pavement structural thickness design equation, as explained
in Test Method No. Calif. 301,

www . fastio.com

1rwo directional count.

2These constants are for this example only and are not to be used
in any actual calculations. Use the constants given near the end of
this Test Method if applicable.

"3This factor converts average daily truck traffic from the present
countdto the anticipated average count for the mid-year of the design
periO ° ' .

4£h§:e significant figures are adequate for the accuracy of the method
an ta.

A-T
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SPECIAL CASES Where a one-directional count is given, such as
1s the case for a one-way street, the truck constants should
be doubled. The truck constants are based on a two-directional
count. Notes: For cases where reliable traffic data is not
available or traffic conditions can be considered average for
a state-wide count, the EWL Truck Constants given in Table A-5
can be used in place of computing Truck Constants.

TABLE A-5

EWL Constants for Dual-tired Commercial Vehicles

_ _ Annual Design EWL per
L _ __Vehicle per Day _

“State City Streets
TIype of vehicle Highways and County Roads
2-axle truck: .- . . 280 200
3-axle truck | . 9830 , -690
4-axle truck: . 1320 11070 -
. S5-axle ﬁmckz .. 3190 - 1700
_ 6iaxle truck’ 1950, " 1050

ClibPD www fastio.com
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Figure A -1
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Figure A-2
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APPENDIX. B
TEST METHOD FOR CALIFORNIA BEARING RATIO

APPARATUS REQUIRED

A cylindrical mold six inches (6") in diameter and eight inches
(8“{ high. The mold is to be fitted with a detachable base plate,
a piston or plunger five inches (5'') high and of slightly less
diameter than the inside diameter of the mold for compacting the
specimen, and a round penetration piston with an end area of three
(3) square inches. o : '

A perforated plate with an adjustable stem and a ten’(lO) pound
welght.

A testing machine, calibrated hydraulic press or other static
loading apparatus of at least 60,000 pounds capacity.

A scale or balance of twenty (20) kilograms capacity sensitive -
to one (1.0) gram. o L

A" dial or other suitable gauge for measuring the penetration of
the three inch (3") area piston.

A dial or gauge mounted in a tripod for measuring the specimen
during the soaking period.

A suitable water tank or vat for immersing the specimen during the
soaking period.

A twelve and one-half (12-1/2) pound round surcharge weight for
confining the top of the specimen during penetration. '

A suitable drying oven with forced ventilation.

Miscellaneous equipment including a depth gauge graduated in
hundredths of an inch, mixing bowl, spoons, spatulas, graduates,
brushes, etc. ’

PREPARATION OF SAMPLE

A representative sample of sufficient size for the tests
(usually 20 to 40 pounds) shall be accurately quartered. The
sample to be tested shall be separated into sizes by screening
on 3/4", 3/8" and No. 4 sieves, and the percentage passing each
sieve determined, if a gradin% analysis has not been made.
Particles retained on the 3/4" sieve shall not be used in the
material to be tested. This procedure will result in three sizes
of material for the test, namely 3/4" to 3/8", 3/8" to No. 4, and
passing the No. 4. The three sizes should be kept separate.

B~1
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The tests, insofar as possible, shall be made on a
representative sample of the material proposed for use in the
work. ' ' .

STATIC LOAD COMPACTION TEST PROCEDURE

A test sample of approximately four thousand (4,000)
grams or such amount which will result in a compacted specimen
four to six inches (4" to 6') high, having the same gradation as
the minus 3/4" fraction of the original sample, shall be weighed
to an accuracy of five (5) grams and placed in the mixing bowl.
In the event the maximum dry weight per cubiec foot and the

- optimum moisture content have not been previously determined,
three to six identical samples shall be prepared.

- Samples need not be completely dried out, but should
contain less than the moisture content for the test. If not
completely dry, the moisture content should be determined so
that the actual dry weight of material used and its actual
moisture content will be available before adding additional
water. A N .

‘ The sample shall be mixed with the amount of water
(optimum moisture content) producing the maximum dry weight per
cubic foot obtainable under the static load compaction test herein
specified. If the optimum moisture content has not been previ-
ously determined, the additional samples referred to above shall
be moistened and compacted at varying moisture contents so that

- a range well on each side of optimum is covered and the optimum
moisture conteiit’ determined. =

) _After thoroughly mixing the material with water, it

shall be lightly tamped into the tared mold and then compacted

to its maximum density under a load of two thousand (2,000)

pounds per square inch. In applying the load between one

thousand (1,000) pounds and two thousand (2,000) pounds, the

“head of the testing machine or hydraulic press shall be operated

at a rate of approximately five hundredths of an inch (0.05")

per minute. The static load of two thousand (2,000) pounds shall
be maintained on the specimen for one (1) minute and then gradually

-~ released during a period of twenty (20) seconds.

The mold shall then be removed from the testing machine
or hydraulic press and the height of the compacted specimen
measured, with a depth gauge, to the nearest hundredth of an
inch. The dry weight per cubic foot of the specimen shall be
calculated from. the height and diameter of the specimen and

- its dry weight. . S
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BEARING RATIO TEST PROCEDURE (RELATIVE BEARING VALUE)

A seven inch (7") diameter filter paper shall then be
placed on top of the mold containing the above-described compacted
specimen, and the base plate removed from the bottom and fastened
to the mold over the filter paper. The mold shall then be turned
over and the specimen recompacted under a load of two thousand
g2,000) pounds per square inch, applied as specified for the
"static Load Compaction Test' on preceding page.

After being soaked as hereinafter provided under
"Expansion Test", the specimen shall be tested for penetration
in the following manner:

The specimen shall be placed in the testing machine
and tested by penetrating with the small piston (end area of
three square inches). Before starting the penetration test,
the surcharge weight shall first be placed on the top of the
specimen. The piston shall then be set on the centex of the
compacted specimen and firmly seated by applying an initial load
of ten (10) pounds, after which the dial shall be set at zero
to measure the penetration of the piston. During the penetration
test, the head of the testing machine shall be operated at a

rate of five hundredths inch (0.05") per minute and the total

load and the load in pounds per square inch shall be recorded
gt penetrations of 0.1 inch, 0.2 inch, 0.3 inch, 0.4 inch and
«5 inch.

_ The bearing ratio (relative bearing value) shall be
computed in percentage of the following standard loads for each
one-~tenth inch (1/10™) increment of penetration:

Penetration Standard Load
Inches pounds per square inch
0.1 ~rmeccccncccaaa m—meeama == 1,000
0.2 ccmccccccaa meemmmencenesane ] 500
0.3 ssrecmcrrcmvnmrnssmmn == 1,900
0,4 somermercccnacaccncrcacnnna 2,300
0.5 emermecercrcccccccmra e . 2,600

Unless otherwise specified, the bearing ratio of a material shall
be considered as the bearing ratio at 0.l1" penetration. |

EXPANSION TEST PROCEDURE

The height of the recompacted specimen described under
"Bearing Ratio Test Procedure' shall be recorded to check the
height and the dry weight per cubic foot of the specimen as
originally compacted as well as for use in determining the ex-
pansion percentage.

B-3
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A 31x-1nch (6") ‘diameter filter paper shall then be
placed on the recompacted specimen, followed by the perforated .
plate and then the ‘ten (10). pound weight.  The gauge and trlpod
assembly shall hext be set onthe mold and the stem on the’
perforated plate adjusted and locked to a:zero gauge reading.
After removing the gauge, the mold assembly shall be placed in
the tank and water poured in ‘the top of the mold. The water
level in the tank and in the mold shall, at all times, be kept
between one 1nch (1") above and .two inches (2'") below the top
of the mold. . : _

The spec1men shall be soaked for four days or if the
material becomes fully saturated and all expansion ceases before
this tlme, a shorter soaking period will be permitted. The
expansion shall be measured each day with the gauge and tripod
assembly and recorded to the nearest one-thousandth of an inch.
The percentage of expansion shall be calculated on the basis of
the height of the recompacted specimen before soaklng.

: After the soaklng period the spec1men shall be re-
moved from the tank, the ten (10) pound weight removed, and with
the perforated: plate held firmly in place, the mold shall be tipped
up to allow the free water to drain off for a period of one

(1). minute.- Care must be taken to prevent disturbing the surface
of the sample . and to avoid vibration which will cause saturated
material, particularly sands and silts, to become ''quick'. The

ten (10): pound weight, perforated plate and filter paper shall

then be.removed, after which the specimen, contained in the mold,
shall be weighed to determine the moisture content of the material
after the soaklng perlod

- »After weighing,_the soaked speclmen shall be tested
for penetration as above described under '"Bearing Ratio Test'".

. " MOISTURE CONTENT PROCEDURE

After the penetration test has been completed on the
soaked specimen as above specified, a sample shall be taken from
the top of the specimen:to a depth of one inch (1'), weighed
and dried to constant weight at 100 to 104 degrees centigrade.

This moisture content shall be recorded together with
the moisture content. for maximum compactlon and that of the
total spec1men after: soaking.

L Design Procedure:

The first requiremerit of the design is to convert
the known -CBR values: to equivalent R-values by means of the
nomograph delineated-in Figure B-l. The nomograph is not
appllcable for a materlal posse331ng all three of the FTollowing

9
——

B-L
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characteristics: (1) Less than 75% passing a #4 sieve,

(2) more than 8% passing the #2000 sieve, and (3) a product of
the plasticitg index and percent passing the #200 sieve is
greater than 72. The R-values for materials possessing all
three of the preceding characteristics should be determined
in accordance with the R-value test procedures as outlined in
Test Method No. Calif. 301F. )

After the equivalent R-values for the various struc-
tural section components have been determined, the structural
section design method should follow the procedures previously
outlined in the text. b

Example: Conversion of CBR to an equivalent R-value:

Given: Material characteristics
Subgrade CBR = 4 Swell = 47,
Percent passing #200 sieve = 67
Percent passing #4 sieve = 100
Plastic Index = 10

a. Check subgrade material characteristics against the
limitations specified for acceptable use on Nomograph
(Figure B-1).

Limitation 1 - Less than 75% passing #4 sieve
Sample has lOOE passing #4 sieve

Limitation 2 - More than 8% passing #200 sieve
Sample has 677 passing #200 sieve

Limitation 3 - Product of the Plastic Index and percent
passing #200 sieve greater than 72.
Sample = 10 x 67 = 670, which is greater
than 72. C

The material does not meet Limitation #1, therefore, the
Nomograph is applicable since the criteria for rejection
of the Nomograph requires conformance to all three .
Limitations.

b. meograp_h‘Proceduree
Refer to the Nomograph (Figure B-1) for the following
example procedure. The coxresponding steps (1, 2, 3,

4, & 5) and the straight edge projections denoted by
dashed lines are indicated on the Nomograph.

B-5
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(1)

(2)

(3)
(4)
(5)
(6)

(7

(8)

Locate CBR véi&%,gf 4 on Scale A,

Locate on Scaiétﬁjfﬁe numerical value determined from the
formula: ‘ o ’ T :

% pass #200 sieve - 67  ;.:,
% pass #4 sieve x 100 = 100 x 100 = 67

By means of a straight-edge project a line through points
located on Scales A and B to Scale C the Turning Scale.

Locate on Scale D the CBR expansion value determined
from the CBR test which in our example is 4%.

By méans of a straight edge project a line through the
points located on Scales C and D to Scale E.

Read the equivaient R-value (Resistance Value) on Scale E
which for our example is 26 (for subgrade).

Repeat steps 1 throﬁgh 6 to determine equivalent R-values
from CBR values for other structural section components.

(Base, Subbase)

After the determination of the R-values for the base,
subbase and subgrade materials, the structural design
method should follow the procedurés previously outlined
in the text.

B-6
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